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Spatial  and  Temporal  Distribution  of  Northern  Hemisphere  Snow  Cover 

Burt  J.  Morse,  National  Environmental  Satellite,  Data,  and  Information  Service,  NOAA 
and  Chester  F.  Ropelewski,  National  Weather  Service,  NOAA 
Washington,  D.C.   20233 


ABSTRACT.   The  archive  of  weekly  Northern  Hemisphere  snow 
cover  maintained  by  the  National  Environmental  Satellite, 
Data,  and  Information  Service  since  1966  has  been  analyzed 
using  asymptotic  singular  decomposition.   The  results  are 
shown  on  charts  covering  the  months  of  November  through 
April  and  the  winter  season.   These  suggest  that  anomalies 
in  snow  cover  over  northwestern  North  America,  the  Baltic 
area,  the  Caspian  Sea  and  Caucasus,  the  Tibetan  Plateau,  and 
Mongolia  and  Korea  may  occur  synchronously.   In  addition, 
charts  of  Northern  Hemisphere  snow  cover  frequencies  and 
snow  transition  zones  have  been  included.   They  cover  the 
winter  season  and  the  months  of  September  through  May. 
Comparison  of  these  charts  with  similar  ones  derived  from 
surface  observations  shows  quite  good  agreement. 

I.   INTRODUCTION 

The  National  Environmental  Satellite,  Data,  and  Information  Service  has  main- 
tained a  continuous  archive  of  weekly  Northern  Hemisphere  snow  cover  since 
November  1966  (Matson  and  Wiesnet,  1981).   It  is  digitized  onto  uniform  89x89 
grids  which  overlay  a  polar  stereographic  map  of  the  area  (Dewey  and  Heim,  1982). 
One  such  grid  is  generated  for  each  week  and  consists  of  ones  and  zeros  repre- 
senting, respectively,  greater  or  less  than  50  percent  satellite-measured  snow 
cover  per  grid  box  region. 

The  archive  is  of  considerable  importance  in  numerous  climatological 
applications  including  albedo  studies,  investigations  of  the  connections  between 
snow  cover  and  various  parameters  of  the  synoptic  scale  circulation,  the  provision 
of  boundary  and  initial  conditions  for  global  climate  and  forecast  models,  studies 
of  cyclical  or  feedback  phenomena  dependent  on  snow  cover,  and  the  investigation 
of  possible  correlations  or  teleconnections  in  global  patterns  of  the  snow  cover 
itself. 

For  these  and  other  applications,  a  statistical  summary  of  the  data  is  a 
necessary  first  step.   In  this  paper,  such  a  summary  has  been  supplied  by  means 
of  asymptotic  singular  decomposition  (ASD).   This  technique  is  related  to 
empirical  orthogonal  functions  and  factor  analysis,  and  a  description  is 
provided  by  Jalickee  and  Ropelewski  (1979).   ASD  is  quite  an  effective 
technique  for  consolidating  the  mass  of  snow  cover  data  contained  in  the  archive. 

Indeed,  for  the  periods  we  discuss  -  the  months  of  November  through  April  and 
the  winter  season,  here  defined  as  December  through  February  -  the  first  two 
ASD  vectors  explain  88  to  95  percent  of  the  total  variance.   These  analyses  are 
provisional  because  only  15  to  15  years  of  data  have  been  accumulated  at  this 
time.   However,  tests  indicate  that  the  patterns  are  statistically  stable,  and 
comparisons  with  independent  data  suggest  that  the  major  features  of  hemispheric 


snow  cover  for  this  period  are  correctly  portrayed. 

In  addition  to  the  ASD  charts,  combined  charts  showing  snow  cover  frequencies 
and  snow  transition  zones  ( STZ ' s )  are  included.   The  STZ  described  by  Kukla 
(1981)  is  the  zone  between  the  regions  with  0  and  100  percent  frequency  of  snow 
cover  for  the  given  time  period.   Hence  it  comprises  the  region  which  was  sometimes 
but  not  always  snow  covered.   All  of  the  ASD  analyses  are  confined  to  the  areas 
of  the  corresponding  STZ's.   This  restricts  the  calculation  to  the  dynamic  areas 
of  the  snow  record  and  effects  both  numerical  economy  and  a  more  accurate 
analysis . 

II.   SNOW  TRANSITION  ZONES  AND  SNOW  COVER  FREQUENCY  CHARTS 

The  STZ  and  snow  cover  frequency  charts  for  winter  and  the  months  of  September 
through  May  are  shown  in  figures  1  through  10,  respectively.   The  symbols 
"+"  and  "-"  on  these  charts,  respectively,  fill  the  regions  always  or  never 
snow  covered  during  the  periods  of  record.   The  zones  between  these   symbols 
are  thus  the  STZ's.   The  latter  are  covered  with  the  numbers  0,  1,...., 
9,  and  the  letter  T.   These  denote  increasing  frequencies  of  snow  cover. 
Specifically,  "0"  denotes  cover  greater  than  0   but  less  than  or  equal  to 
5  percent  of  the  number  of  archived  weeks  during  the  period  of  record; 
"1"  denotes  greater  than  5  but  less  than  or  equal  to  15  percent;  "2" 
denotes  greater  than  15  but  less  than  or  equal  to  25  percent  and  so  forth 
up  to  and  including  "9".   Finally,  "T"  denotes  greater  than  95  percent 
but  less  than  100  percent. 

At  the  time  of  this  work,  the  archive  contained  15  winter  periods  starting 
in  December  1956  and  ending  in  February  1981.   These  comprised  a  total  of 
189  weeks  of  data  from  which  the  winter  charts  are  derived.   The  remaining 
monthly  charts  are  derived  from  data  in  the  interval  November  1966  to 
December  1981  and  are  based  on  from  60  to  67  weeks  of  data  depending  on 
the  month. 

The  boundaries  of  the  various  STZ's  are  the  outlines  of  record  periods  of 
snow  cover  that  occurred  during  the  time  span  of  the  archive.   Indeed 
the  northern  boundaries  are  the  imprints  of  extreme  sparse  periods  and  the 
southern  boundaries  of  record  abundant  periods  of  snow  cover.   They  appproximately 
correspond  to  the  extreme  positions  of  the  storm  track  over  the  period  of 
the  archive,  and,  as  more  and  more  data  accumulate,  they  are  likely  to  expand. 

It  is  interesting  to  compare  the  frequency  data  on  these  charts  with  earlier 
maps  of  global  snow  cover  that  antedate  the  use  of  satellites.   An  example  of 
the  latter  was  prepared  by  Dickson  and  Posey  (1967).   They  used  data 
extending  from  pre-1915  into  the  early  1960 's.   In  spite  of  the  differences  in 
base  periods,  the  general  agreement  between  the  two  sets  of  charts  is  quite 
good  except  in  the  Tibetan  Plateau  area  where  we  show  higher  frequencies  of 
cover.   This  may  be  due  to  problems  with  the  archived  data  over  the  Himalayas 
in  the  earlier  years.   The  advantages  of  satellite  data  are  particularly  evident 
in  filling  in  remote  or  data  sparse  areas  and  in  regard  to  increased  spatial 


resolution.   Examples  are  Central  Asia,  Iceland  (where  formerly  no  data  were 
available),  and  in  the  accurate  delineation  of  the  cover  in  movintainous  areas 
such  as  the  Alps  and  the  California  coast  range. 

III.   ASYMPTOTIC  SINGULAR  DECOMPOSITION 

ASD  is  one  of  several,  closely  related  methods  for  consolidating  large  data 
sets.   A  mathematical  description  is  given  in  Golub  and  Reinsch  (1970).   The 
outline  presented  here  follows  the  development  given  by  Jalickee  and  Ropelewski, 
(1979).   Factor  analysis  and  empirical  orthogonal  functions  (EOF's)  are  in  the 
same  family  and  indeed  the  singular  vectors  shown  in  figures  11  through  to  24 
are  the  same  as  would  result  from  an  EOF  analysis.   The  advantages  of  ASD  are 
its  numerical  stability,  particularly  for  large  order  systems  as  here,  and  the 
fact  that  the  spatial  and  temporal  aspects  of  the  problems  are  treated  symmetri- 
cally.  Thus  we  not  only  obtain  a  spatial  summary  but  a  chronological  one  as 
well. 

The  ASD  method  is  based  on  the  fact  that  any  NxM  matrix  A=[Aj^  ^]  may  be 
represented  in  the  form 


''io 


k=l  (1) 


(k )  (k ) 

where   X.     .  ,     „  and  Y.      .  ,      ..  are  known  as  the  kth  left  and 

1     1=1, . . .N       3      D=l/ • • . /M 
right  singular  vectors,  respectively,  and  the  A^  are  called  singular  values. 

If  the  summation  (1)  is  truncated  at  any  point  L,  where  1  <  L  <  N,  we  obtain 

the  approximation. 
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The  essential  requirement  in  ASD  is  that,  for  all  L,  A^    a    is  the  best  approxi- 
mation in  the  following  sense: 


N    M 

(L)  ^ 

_]   =  minimum 

i=l  j=l    '^  (3) 
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(L) 
with  respect  to  all  choices  of  L  vectors   |x,Y,A[.    Thus  Aj^  j  is  best  in  terms 
of  the  amount  of  variance  explained. 

The  requirement  (3)  implies  the  following  properties.   The   X's  are 
monotonically  decreasing,  so  that 

,    >   ,     >...>,     >  0. 

Ai   -   X2   -      -       X^      -  (4) 


The  two  sets  of  singular  vectors  are  mutually  orthonormal.   Hence 

Z(k)    a)       V^   (k)    (£)  '  ^ 

i=l  j=l  (l'  k=£ 

Finally  (5)  substituted  in  (3)  yields  a  convenient  formula  for  calculating 
the  amount  of  total  variance  explained: 

N    M  N    M  L 

(L)  2     „_^  ,-^   ^     „_^  ^  (6) 


i=1  j=1  i=1  j=1         k=1 


2 

k 


.^ 


In  this  application,  the  columns  of  the  matrix  A  above  consisted  of  snow 
cover  frequencies  for  the  month  or  season  in  question  for  a  single  year  with 
successive  columns  containing  consecutive  years.   In  each  case,  the  area  of 
the  analysis  was  restricted  to  that  of  the  corresponding  STZ.   This  eliminated 
superfluous  regions,  such  as  oceans  and  areas  always  or  never  covered  by  snow 
during  the  period,  and  substantially  reduced  the  space  dimension  N  of  A. 
Typically  N  was  about  1300  and  M,  the  number  of  years  of  data,  equaled  15  or 
16.   In  applying  equation  (2),  the  truncation  was  chosen  at  L  equals  2.   The 
resulting  singular  vectors  x'  '  and  X^^  are  shown  in  figures  11  through  24. 

IV.   ANALYSIS  OF  THE  ASD  PATTERNS 

The  patterns  of  the  ASD  first-components  X^^,  shown  in  figures  11  through 
17  for  each  month  and  the  winter  season  as  a  whole,  are  typical  of 
the  mean  snow  patterns.   This  may  be  seen  by  observing  the  similarity  of  the 
largest  amplitudes  on  each  of  these  ASD  patterns  to  the  patterns  described 
by  the  50  percent  and  greater  contour  on  the  snow  cover  frequency  maps  for  the 
corresponding  season/month   shown  in  figures  1  and  4  through  9.   Calculations 
using  (5)  show  that  X^^'  accounts  for  between  85  and  90  percent  of 
the  total  variance  in  each  of  the  months  analyzed.   The  patterns  of  the 
ASD  second-components  X^  '  for  each  month  appear  in  figures  18  through 
24.   These  may  be  viewed  as  the  principal  anomaly  patterns  and  typically 
account  for  less  than  5  percent  of  the  total  variance.   In  these  figures, 
using  the  same  uniform  increment  measured  from  0,  the  numbers  1,2,3,... 
represent  increasingly  positive  amplitudes  and  the  letters  A,B,C,... 
increasingly  negative  amplitudes.   The  components  X^   /  X^  ',  and 
x'^  were  also  computed  but  are  not  shown  here  because  there  is  a 
real  concern  that  they  may  not  represent  physical  patterns. 

Indeed,  since  the  analyses  were  performed  on  only  15  or  16  independent 
samples,  the  validity  of  the  X^^^  components  is  also  open  to  question.   This 


uncertainty  is  twofold.   First  there  are  concerns  about  the  quality  of  the 
archived  data.   As  previously  mentioned  there  may  be  a  problem  with  the  Himalayan 
data  generated  during  the  intial  years,  1966-1974,  which  resulted  from  a 
lack  of  analysis.   The  satellite  data  is  also  known  to  be  quite  poor  during 
extended  periods  of  cloud  cover.   Snow  cover  may  be  either  over-  or  under- 
estimated during  these  periods.   These  erroneous  readings  introduce  noise  into 
the  data  which  will  show  in  the  ASD  components.   Since  our  monthly  snow 
frequency  charts  are  in  close  agreement  with  snow  cover  probability  charts 
derived  from  surface  data  (Dickson  and  Posey,  1967)  we  believe  the  cloud  cover 
problem  is  not  serious  in  defining  the  mean  fields  and  the  ASD  first-component 
patterns  X^  "•  ^  . 

However,  the  effect  of  this  problem  on  x'^'  cannot  be  estimated  simply. 
The  future  utility  of  these  data  would  be  greatly  enhanced  and  potential  noise 
problems  eliminated  if  the  weekly  satellite  snow  cover  charts  were  systematically 
compared  with  charts  derived  from  surface  observations.   Such  comparisons  would 
be  the  basis  for  correcting  the  data  set.   This  comparison  is  beyond  the  scope 
of  our  study. 

The  second  uncertainty  in  the  interpretation  of  the  ASD  patterns,  due  to  the 
short  period  of  the  record,  concerns  the  stability  of  the  ASD  components 
themselves.   There  is  a  danger  that  the  addition  or  subtraction  of  one  sample 
from  the  15  or  16  analyzed  could  result  in  entirely  different  patterns  for  the 
higher  order  components.   In  a  recent  paper.  North  et  al.  (1982)  present  a 
rule  of  thumb  for  estimating  when  an  EOF,  or  in  this  case  an  ASD  component, 
may  be  subject  to  sampling  errors  of  this  type.   In  the  context  of  the  ASD 
analysis,  this  rule  of  thumb  amounts  to  computing 

2     2     _ 

(Xk  -A  ]^+i)/  A^(2/S)^/^   ,  (7) 


where:   the  X's  are  defined  in  (1),  ^    is  the  mean  of  the  successive   ^'s, 
and  S  is  the  number  of  independent  samples. 

If  the  ratio  in  (7)  is  less  than  one,  then  the  ASD  component  x'**^^ 
associated  with   A,  is  suspect.   All  of  the  ASD  first-components  X     in 
this  analysis  pass  the  test.   However,  all  higher  order  components  fail. 
Because  we  cannot  now  increase  the  sample  size  for  the  monthly  data,  there  is 
no  way  to  increase  the  confidence  levels  in  the  components  X^^^,  for  k  >^2 ,  until 
more  data  accumulate  in  the  archive.   This  should  be  kept  in  mind  during  the 
discussion  of  the  monthly  patterns  below. 

The  stability  of  the  seasonal  (winter)  patterns  was  checked  by  dropping 
one  year  and  forming  a  14-year  time  series  of  three  months  each  (Dec,  Jan., 
Feb.)  to  produce  a  sample  size  of  42.   The  first  and  second  ASD  patterns  were 
virtually  the  same  as  those  produced  from  the  analysis  of  the  15  winter  fre- 
quency charts.   The  42-month  sample  easily  passed  the  test  of  North  et  al. 
(1982)  for  both  X^"")  and  X^^),   rpj^^  f^^t  that  the  14-year  (42  month)  analysis 
passed  the  stability  test  and  produced  the  same  patterns  as  the  15-year 
frequency  analysis  gives  us  some  confidence  in  the  ASD  patterns  for  the 
winter  months. 


The  ASD  first-component  pattern  for  winter  resembles  the  mean  frequency  chart 
for  winter  given  in  figure  1.   Since  this  pattern  represents  three  months  of 
data,  it  includes  part  of  the  annual  cycle.   This  accounts  for  the  strong  north- 
south  gradient,  except  in  mountainous  regions,  in  this  pattern. 

The  ASD  second-component  pattern  for  winter  shows  five  areas  of  principal 
variations  in  snow  cover.   These  areas  are:   (1)  northwestern  North  America, 
(2)  the  Baltic  Area,  (3)  the  Caspian  Sea  and  Caucasus,  (4)  the  Tibetan  Plateau, 
and  (5)  Mongolia  and  Korea.   Areas  1  and  2  have  the  same  sign  and  are  opposite 
in  sign  to  areas  3,  4,  and  5.   This  implies  that  positive  anomalies  of  snow 
cover  in  western  North  America  tend  to  occur  in  the  same  years  as  positive 
anomalies  in  the  Baltic.   A  further  implication  is  that  these  positive  anomalies 
are  mirrored  by  negative  anomalies  in  the  remaining  three  areas.   Two  points  of 
caution  are  required.   First,  this  "anomaly  pattern",  i.e.  x'^^,  accounts  for 
only  2  percent  of  the  total  variance  of  the  frequency  chart  or  4  percent  of 
the  total  variance  of  the  42-month,  14-season  analysis.   Thus  these 
patterns  are  only  slight  variations  about  the  mean.   A  second  caveat  is 
that  data  in  the  Tibetan  Plateau,  region  4,  may  be  erroneous  due  to 
problems  in  the  early  part  of  the  record  (1956-1974).   With  all  these 
reservations,  this  ASD  pattern  points  to  four  or  five  regions  which  may 
prove  to  be  worthwhile  for  future  research. 

The  ASD  second-component  patterns  for  the  individual  winter  months,  December, 
January,  and  February  (figures  20  through  22)  are  consistent  with  the  winter 
analysis.   The  December  patterns,  show  the  largest  difference  probably 
because  December  is  a  "transition"  month  for  snow  cover.   Indeed,  x''^^  for  this 
month  appears  to  have  retained  part  of  the  annual  cycle. 

The  right  singular  vectors  Y^''  and  y'^^  (figure  25)  represent  a  time  series  of 
the  relative  strength  of  the  patterns  from  year  to  year.   The  time  series  of 
y'^  corresponding  to  the  ASD  first-component  pattern  shows  little  year  to  year 
variation.   This  reflects  the  fact  that  the  annual  march  of  the  snow  cover 
follows  essentially  the  same  pattern  each  year.   On  the  other  hand,  the  time 
series  of  y^^'  shows  considerable  year  to  year  variability,  indicating  that  the 
pattern  represented  by  the  ASD  second-component  is  stronger  in  some  years  than 
in  others.   However  the  poor  Himalayan  data  may  account  for  the  apparent  trend 
in  y(2)  f^-oni  1966-1974. 

V.   CONCLUSIONS  AND  SUGGESTIONS  FOR  FURTHER  RESEARCH 

In  this  paper,  we  have  exhibited  snow  cover  frequency  and  snow  transition 
zone  charts  and  charts  of  the  ASD  first-  and  second-component  vectors  for  the 
Northern  Hemisphere.   These  are  based  on  weekly  satellite  snow  cover  charts 
covering  the  period  from  November  1,  1966,  to  December  31,  1981.   As  this 
time  span  is  rather  small,  we  recommend  that  the  calculations  be  repeated, 
some  years  hence,  when  more  data  have  accumulated.   This  will  test  the  stability 
of  the  patterns  found  here,  particularly  in  the  Tibetan  Plateau  area  where  the 
initial  years  of  the  satellite  data  are  not  of  consistent  quality. 

Even  with  the  length  of  the  record  already  available,  our  snow  cover 
frequency  maps  compare  favorably  with  those  of  Dickson  and  Posey  (1967)  based 


on  surface  observations.   It  is  recommended  that,  as  a  check,  similar  compari- 
sons between  satellite  and  conventional  snow  cover  data  be  continued. 

The  ASD  analysis  indicated  that  the  first-components  resembled  the  mean 
frequency  charts.   Thus  the  second-components  may  be  regarded  as  variations 
about  the  mean.   The  first-components  typically  explained  85  to  95  percent  of  the 
variance,  whereas  the  second  explained  less  than  4  percent  and  hence  represent  only 
small  variations.   Given  this  caution,  these  second  components  indicated  five 
areas  of  principal  variation  in  winter  snow  cover:   (1)  northwestern  North 
America,  (2)  the  Baltic  Area,  (3)  the  Caspian  Sea  and  Caucasus,  (4)  the  Tibetan 
Plateau,  and  (5)  Mongolia  and  Korea.   Furthermore,  the  charts  indicate  that 
positive  or  negative  anomalies  in  these  areas  may  occur  synchronously.   The 
testing  of  these  points  should  prove  worthwhile  for  future  research. 
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Figure    1. —    Snow    transition    zone   and    snow  cover    frequency    chart 
for    winter,    1966-81    ("5"   contour    shown). 
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Figure  2. --Snow  transition  zone  and  snow  cover  frequency  chart  for 
September,  1966-81. 
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Figure    3.— Snow  transition   zone  and    snow  cover    frequency    chart 
for    October,    1966-81    ("5"    contour    shown). 
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Figure   4. — Snow   transition    zone  and    snow  cover    frequency    chart 
for    November,    1966-81    ("5"    contour    shown). 
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Figure    5. — Snow   transition    zone   and    snow  cover    frequency    chart 
for    December,    1966-81     ("5"    contour    shown). 
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Figure    6. — Snow   transition    zone  and    snow  cover    frequency    chart 
for    January,    1966-81    ("5"    contour    shown) . 
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Figure   7.— Snow   transition   zone  and    snow   cover    frequency   chart 
for    February,    1966-81    ("5"    contour    shown). 
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Figure  8. —  Snow  transition  zone  and  snow  cover  frequency  chart 
for  March,  1966-81  ("5"  contour  shown). 
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Figure    9. — Snow   transition   zone  and    snow   cover    frequency    chart 
for   April,    1966-81    ("5"    contour    shown). 
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Fig. 10. — Snow   transition   zone  and    snow  cover    frequency    chart 
for   May,     1966-81    ("5"    contour    shovm) . 
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Fig.  11. — ASD  left  singular  vector  x 
("2.5"  contour  shown). 
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Fig.    12.--   ASD   left    singular   vector   x 
shown)  . 
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Figure  13. — ASD  left  singular  vector  x 
shown)  . 
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Figure  14. — ASD  left  singular  vector  x 
contour  shown) . 
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Figure    15, — ASD   left    singular   vector   x^    '^for   February,    1966-81    ("2.5" 
contour   shown) , 
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Figure  16. — ASD  left  singular  vector 
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Figure    17. — ASD   left    singular   vector   x        for   April,    1966-81    ("2.5"    contour    shovm) 
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(2) 

Figure  18. — ASD  left  singular  vector  x^   for  winter,  1966-81. 

(The  five  areas  of  maximum  variation  referred  to 
in  the  text  are  enclosed  in  contours) . 

Key 

*:      Always    snow  covered   during    winter. 

-:      Never    snow  covered   during   winter. 

Numbers   "  l"  ,    "2",    "3",    etc.    represent    increasingly   positive   amplitudes   and 

the   letters    "A",    "B",    "C",    etc.,    represent    increasingly  negative   amplitudes, 

all   measured    in   uniform    increments   from    "0". 
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Figure  19. — ASD  left  singular  vector  x^^for  November,  1966-81. 

Kez 

'':   Always  snow  covered  during  winter. 

-:   Never  snow  covered  during  winter. 

Numbers  "1",  "2",  "3",  etc.  represent  increasingly  positive  amplitudes  and 

the  letters  "A",  "B",  "C",  etc.,  represent  increasingly  negative  amplitudes, 

all  measured  in  uniform  increments  from  "0". 
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Figure  20.— ASD  left  singular  vector 


(2) 


for    December,    1966-81. 


Key 

":   Always  snow  covered  furing  winter. 

-:   Never  snow  covered  during  winter. 

Numbers  '^"  '  ^^'2"  ,^^"3" ,  etc.  represent  increasingly  positive  amplitudes  and 

the  letters  "A",  "B" ,  "c",  etc.,  represent  increasingly  negative  amplitudes, 

all  measured  in  uniform  increments  from  ''0". 
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(2) 
Figure  21. — ASD  left  singular  vector  x    for  January,  1966-81. 

Kez 

*:      Always  snow  covered  during  winter. 

-:   Never  snow  covered  during  winter. 

Numbers  "1",  "2'',  "3",  etc.  represent  increasingly  positive  amplitudes  and 

the  letters  "A",  "B",  "C" ,  etc.,  represent  increasingly  negative  amplitudes 

all  measured  in  uniform  increments  from  "0". 
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( ?) 
Figure  22. — ASD  left  singular  vector  x^^for  February,  1966-81. 

Key 

":   Always  snow  covered  during  winter. 

-:   Never  snow  covered  during  winter. 

Numbers  "1",  "2",  "3",  etc.  represent  increasingly  positive  amplitudes  and 

the  letters  "A",  "B",  "C",  etc.,  represent  increasingly  negative  amplitudes, 

all  measured  in  uniform  increments  from  "0". 
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Figure  23. — ASD  left  singular  vector  x^^-'for  March,  1966-81. 

'':   Always  snow  covered  during  winter. 

-:   Never  snow  covered  during  winter. 

Numbers  "1",  "2",  "3",  etc.  represent  increasingly  positive  amplitudes  and 

the  letters  "A",  "B",  "C",  etc.,  represent  increasingly  negative  amplitudes, 

all  measured  in  uniform  increments  from  "0". 
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Figure  24.--ASD  left  singular  vector 


(2) 


for  April,  1966-81. 


Key 

*:      Always  snow  covered  during  winter. 

-:   Never  snow  covered  during  winter. 

Numbers  "1",  "2",  "3",  etc.  represent  increasingly  positive  amplitudes  and 

the  letters  "A",  "B",  "C",  etc.,  represent  increasingly  negative  amplitudes, 

all  measured  in  uniform  increments  from  "0". 
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Figure    25. — ASD  right    singular   vectors  Y^    ^and   Y    ^^    for    winter,    1966-8( 
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NOAA  SCIENTIFIC  AND  TECHNICAL  PUBLICATIONS 

The  S'ational  Oceanic  and  Atmospheric  Administration  was  established  as  part  of  the  Department  of 
Commerce  on  October  3.  1970.  The  mission  responsibilities  of  NOAA  are  to  assess  the  socioeconomic  impact 
of  natural  and  technological  chanjres  in  the  environment  and  to  monitor  and  predict  the  state  of  the  solid 
Earth,  the  oceans  and  their  living  resources,  the  atmosphere,  and  the  space  environment  of  the  Earth. 

The  major  components  of  NOAA  regularly  produce  various  types  of  scientific  and  technical  informa- 
tion in  the  following  kinds  of  publications: 


PROFESSIONAL  PAPERS— Important  defini- 
tive research  results,  major  techniques,  and  special 
investigations. 

CONTRACT  AND  GRANT  REPORTS— Reports 
prepared  by  contractors  or  grantees  under  NOAA 
sponsorship. 

ATLAS — Presentation  of  analyzed  data  generally 
in  the  form  of  maps  showing  distribution  of  rain- 
fall, chemical  and  physical  conditions  of  oceans  and 
atmosphere,  distribution  of  fishes  and  marine 
mammals,  ionospheric  conditions,  etc. 


TECHNICAL  SERVICE  PUBLICATIONS— Re- 
ports containing  data,  observations,  instructions, 
etc.  A  partial  listing  includes  data  serials;  predic- 
tion and  outlook  periodicals;  technical  manuals, 
training  papers,  planning  reports,  and  information 
serials;  and  miscellaneous  technical  publications. 

TECHNICAL  REPORTS— Journal  quality  with 
extensive  details,  mathematical  developments,  or 
data  listings. 

TECHNICAL  MEMORANDUMS— Reports  of 
preliminary,  partial,  or  negative  research  or  tech- 
nology results,  interim  instructions,  and  the  like. 
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Information  on  availability  of  NOAA  publications  can  be  obtained  from: 

PUBLICATION  SERVICES  BRANCH  (E/AI13) 

NATIONAL  ENVIRONMENTAL  SATELLITE,  DATA,  AND  INFORMATION  SERVICE 

NATIONAL  OCEANIC  AND  ATMOSPHERIC  ADMINISTRATION 

U.S.  DEPARTMENT  OF  COMMERCE 

Washington,  DC  20235 


NOAA— S/T  83-129 


